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Objectives: to delineate the natural history of the residual infrarenal aortic segment after conventional abdominal aortic
aneurysm (AAA) repair.
Design: open prospective study.
Patients and methods: between 1990 and 1997, 100 patients, who underwent conventional infrarenal AAA repair at
our department, were followed annually by means of colour duplex ultrasonography. Data from 76 patients who had at
least 3 scans were analysed.
Results: mean duration of follow-up was 4.7 years (range: 3–8 years). The residual infrarenal aorta dilated a mean of
0.57 mm annually. No patient required reoperation. There was no significant correlation between dilatation and any of
the recorded risk factors except for the initial neck diameter (p=0.03).
Conclusions: conventional AAA surgery is durable so that surveillance, during the first 5 postoperative years, is not
justified in terms of cost-effectiveness. The impact of such a dilatation on endovascular AAA repair requires further
investigation.
Key Words: Aortic aneurysm; Abdominal; Dilatation; Pathologic; Follow-up studies; Treatment outcome; Ultrasonography;
Doppler; Duplex.
Introduction Patients and Methods
Abdominal aortic aneurysms (AAA) pathogenesis in- Between 1990 to 1997, 100 of 356 patients undergoing
volves an imbalance between the synthesis and de- conventional infrarenal AAA repair have been fol-
gradation of elastin and collagen, together with lowed annually with colour duplex ultrasonography.
autoimmune, inflammatory and haemodynamic fac- Eligibility for entering the study required AAAs with
tors.1–4 As such, it is widely accepted that the entire infrarenal cuffs of >1 cm in length after implantation
infrarenal aorta is diseased and prone to dilatation. of the graft. Juxtarenal and ruptured AAAs were
The natural history of the infra-renal aorta above the excluded. Urgent operation for symptomatic an-
upper anastomosis following AAA repair is poorly eurysms was included, provided that a preoperative
defined but is of increasing interest following the computed tomographic and ultrasonographic scan-
advent of endoluminal repair. ning had been performed.
The aim of our study was to define the natural In 105 (29.5%) of the 356 patients operated on, the
history and to identify risk factors predisposing to residual infrarenal aortic cuff was less than 1 cm. No
changes in the diameter of this segment. Angiography, preoperative measurements were performed in 37
computed tomography (CT) and spiral CT are in- (10.4%) patients who underwent urgent operation for
appropriate for long-term surveillance. Colour-duplex a symptomatic AAA. Among the remaining patients
ultrasonography, which is fast, inexpensive, safe and who fulfilled the eligibility criteria, 100 were selected
reliable, has therefore been considered as the method on the basis of optimal visualisation of the infrarenal
of choice for the purposes of our study. aortic cuff.
Preoperatively, all patients underwent CT and du-
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Table 1. Patient risk factors.
Risk factor No. of patients %
Coronary artery disease 31 40.8
Diabetes mellitus 10 13.2
Hypertension 47 61.8
Hypercholesterolaemia 28 36.8
Peripheral arterial occlusive disease 11 14.5
Chronic obstructive pulmonary disease 20 26.3
History of smoking 46 60.5
Table 2. Patient baseline characteristics.U.S.A.). Measurements were obtained 1 cm below the
level of the lowest renal artery in the sagittal and Characteristic Mean±s.d. Median (range)
transverse planes during systole.
Age 66.6±6.4 years 66 (49–83) yearsUltrasonography (US) measurements were val-
Proximal neck diameter 2.17±0.23 cm 2.15 (1.8–2.7) cmidated against CT using the limits of ‘‘2 mm or less’’,
Maximal aneurysm diameter 6.16±1.50 cm 6 (4–11) cmas adopted by Lederle et al.5 and Jaakola et al.6 The
difference between US and CT diameters was less than
2 mm in 83% of patients. The intraobserver variability Table 3. Changes in the diameter of the residual infrarenal aortic
of US measurements calculated as twice the standard segment after conventional AAA repair.
deviation of the mean arithmetic difference according
Time No. of patients Mean±s.d.to Bland and Altman,7 was 1.84 mm. All scans were under observation
performed by the same examiner who was blinded to
Preoperative 100 2.17±0.23the results of previous examinations. Data from 76
1 Year post-op. 94 2.26±0.24patients who had at least 3 US scans have been ana-
2 Years post-op. 85 2.31±0.25lysed.
3 Years post-op. 76 2.37±0.26The following risk factors were recorded: age, gen-
4 Years post-op. 56 2.42±0.26
der, coronary artery disease (angina pectoris, myo- 5 Years post-op. 35 2.47±0.26
cardial infarction, coronary artery bypass grafting 6 Years post-op. 22 2.57±0.25
procedure or percutaneous transluminal coronary an- 7 Years post-op. 11 2.58±0.25
gioplasty), diabetes mellitus (patients on diet, oral 8 Years post-op. 5 2.64±0.24
hypoglycaemic agents or insulin, or with fasting gluc-
ose levels >7 mmol/l), hypertension (blood pressure
greater than 160 mmHg systolic and/or 95 mmHg dia- Results
stolic), hypercholesterolaemia (total cholesterol
>5.2 mmol/l), peripheral arterial occlusive disease (in- The residual infrarenal aorta dilated a mean of
termittent claudication, rest pain or gangrene, history 0.57±0.87 mm annually, from 2.17±0.23 cm pre-
of bypass grafting procedure or percutaneous trans- operatively to 2.64±0.24 cm at the end of follow-up
luminal angioplasty), chronic obstructive pulmonary (Tables 2 and 3). Statistical analysis was based on the
disease (expiratory flow obstruction documented by 76 patients who had at least 3 follow-up duplex scans.
pulmonary function testing) and smoking habit. Sixty- Among the remaining 24 patients, 16 died of causes
eight patients were male (89.5%). Co-morbidity is unrelated to the AAA: myocardial infarction (9
shown in Table 1. patients), cancer (2 patients), stroke (2 patients) and
Change in the diameter of the residual infrarenal miscellaneous causes (3 patients). Five patients were
aortic segment above the proximal anastomosis was lost to follow-up, while the remaining 3 patients were
related to the presence of risk factors. Statistical ana- unable to complete the study.
lysis was done using simple and multiple linear re- Mean duration of follow-up was 4.7 years (range:
gression analysis (SPSS for Windows, version 8.0). 3–8 years). The mean annual change in the diameter
Results were considered statistically significant of the infrarenal cuff ranged from−0.5 mm to 3.0 mm.
In 22 patients (29%) the diameter of the aorta remainedwhen p-value was less than 0.05.
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Discussion
While the short-term results of endovascular AAA
repair have been extensively analysed, the reliability
and durability of this technique remain under ques-
tion. A critical issue is the maintenance of a stable
fixation between the transluminally placed en-
dovascular graft and the proximal aortic attachment
area. In this context, the long-term behaviour of this
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area has gained great interest over the past few years.
Fig. 1. Mean diameter of the residual infrarenal aortic segment In our study, postoperative surveillance of the re-plotted against time (solid line), with standard deviation lines
sidual infrarenal aortic segment by duplex scan re-(dashed lines).
vealed a small but statistically significant increase
in the diameter of this segment (0.57 mm annually).stable; in 7 patients (9.2%) it decreased, and in 47
Similarly, Illig et al.8 using conventional CT scan, re-patients (61.8%) it increased. In 8 of these patients
ported a 4.3 mm increase in the mean infrarenal aortic(10.5%) the residual infrarenal aorta dilated more than
diameter 89 months after repair, while an aortographic1 mm annually. None of our patients required re-
study by Lipski and Ernst9 documented a 0.84 mmoperation, since none of them developed a true para-
mean dilatation of the infrarenal aortic cuff after 42anastomotic aneurysm or a pseudoaneurysm.
months of follow-up.The changes in the proximal neck diameter over the
However, not all of the infrarenal aortic cuffs will8-year follow-up period after conventional AAA repair
increase in diameter postoperatively. In 3–20% of theare depicted in Figure 1. Simple linear regression
patients, the diameter of the cuffs decreases, in 42–45%analysis verified that increases in the diameter of the
it remains stable, while in 35–55% it increases.8,9 Inproximal aortic neck per unit time were statistically
most of the cases, all these changes are small and dosignificant (p=0.001).
not cause any clinical concern. In the series of LipskiThe role of several patient characteristics in the
and Ernst,9 the dilatation exceeded 5 mm in only 8%natural history of the infrarenal aortic segment was
of the patients, while Illig et al.8 reported that 13% ofassessed using multiple linear regression analysis
their patients had final infrarenal aortic diameter of(Table 4). A statistically significant negative correlation
30 mm or more. None of these patients required re-was found between the changes in the proximal neck
operation and none of them experienced rupture ofdiameter and the initial neck diameter (p=0.03). The
the infrarenal aortic segment.correlation between the changes in the proximal neck
On the basis of these data, the necessity of post-diameter and the time elapsed after operation re-
operative surveillance after conventional AAA repairmained statistically significant when multiple linear
regression analysis was applied (p=0.04). is being questioned. The first issue that has to be
Table 4. Results from multiple linear regression analysis with changes in the infrarenal aortic segment as the dependent
variable.
Variable Regression Standard error T p-Value
coefficients (b) of b (s.e.b)
Age −0.071 0.059 −1.218 0.26
Gender 0.264 1.511 0.175 0.87
Smoking −1.304 0.823 −1.585 0.15
Hypertension 0.169 0.624 0.271 0.79
Hypercholesterolaemia −0.332 0.520 −0.638 0.54
DM 0.532 1.314 0.405 0.70
CAD 0.173 0.561 0.308 0.77
PAOD 0.354 0.493 0.718 0.49
COPD 0.304 0.515 0.591 0.57
Initial neck diameter −3.515 1.411 −2.490 0.03
Maximal aneurysm diameter 0.092 0.213 0.432 0.68
Time 0.423 0.302 2.130 0.04
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clarified is whether the anticipated diagnostic yield surveillance after conventional AAA repair is too low
to justify a formal follow-up programme. By confiningjustifies the routine surveillance of such patients. A
such a surveillance programme only to groups ofreview of the literature reveals a reported incidence
patients being at greater risk for aneurysmal de-of aneurysmal degeneration proximal to a previous
generation or by varying the intensity of duplex sur-aortic graft ranging from 0.5% to 33%, depending
veillance based on the existing risk factors, the cost-on the length of follow-up, method of detection and
to-benefit ratio might be improved. However, di-definition of aneurysm.8,10–14
latation of the infrarenal aortic segment did not cor-The correlation between the development of a para-
relate with any of the patients’ clinical characteristicsanastomotic true aneurysm and the duration of follow-
except for the initial neck diameter and the timeup has been implied by several authors in order to
elapsed after operation.explain the variation in the reported incidence of such
Dilatation of the infrarenal aortic segment raisesaneurysms.10–14 This correlation was proven in our
questions about endovascular grafting. Dilatation maystudy, which documented a steady, linear dilatation
result in dislodgement and migration of the graft.of the proximal aortic cuff with a statistically significant
In the majority of the patients, this fear should beslope. In accordance with our findings, the mean time
negligible, since changes in aortic neck diameter are(reported in several series) to detection of para-
subtle. However, there is a subset of patients ranginganastomotic true aneurysms ranges from 9.4 to 12
from 8% to 33% who experience significant dilatationyears.11,13
of the proximal aortic cuff.8,9 It should also be notedThe method of choice for surveillance of an an-
that these figures may be optimistic estimates of theeurysm after grafting has been a focus of debate over
actual risk of significant aortic dilatation, since a con-the past decade. The ideal method for a surveillance
tinuous sutured anastomosis may provide a tetheringprogramme should not only be sensitive and accurate,
that may restrict proximal aortic cuff expansion.8 Onbut also simple, cheap, safe, reproducible and quick
the contrary, deliberate oversizing of the proximal stentto perform. These criteria are best met by duplex US.
in endovascular grafts may be sufficient to precipitateThe reported visibility of the infrarenal aorta by duplex
dilatation.scan is 97.5–100%, the intra- and interobserver vari-
In conclusion, postoperative surveillance of the re-ability of the proximal anteroposterior diameter
sidual infrarenal aortic segment after conventional1.76–3.4 mm and the estimated sensitivity and speci-
AAA surgery revealed a mean annual dilatation officity for AAA in the proximal part of the infrarenal
0.57 mm, which, though statistically significant, didaorta 87.4% and 99.9% respectively.15,16 Our reported
not have any clinical effect in our patients, nor did itintraobserver variability of 1.84 mm is towards the correlate with their clinical characteristics, except for
lower limit of the reported literature and is due to the the initial neck diameter. These findings show that
selection of patients permitting optimal visualisation. conventional AAA surgery is durable so that sur-
Since the variability in making US measurements of veillance, during the first 5 postoperative years, is not
the abdominal aorta is about 2–3 mm, the validity of justified in terms of cost-effectiveness. The impact of
a mean annual dilatation of 0.57 mm, which was found such a dilatation on endovascular AAA repair is in
in our study, could be challenged. Nevertheless, when need of further investigation.
large numbers of patients are followed with repeated
investigations over long time periods, the effect of
variability in measurement is lessened.
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